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MICNOCWPIJTER CONTROL FC4 THE
SUPERCUNMFCTING MAGNETIC ENERGY 5T~AGE SYSTEM

MII J. Se.smns, E-8
ad

Alphonse L. Cr !SCUO1O, E-8
Los Almsos National LdborIItnry

Los Aianos. ma HIM tCO

!!ks!@J
Ttm microcmspoter-b~ sd, eutcmt it control and datt ecqu isltion
system for the Sqwrconductlng %gnattc Energy Storag~ ~ystem Is
described. A brief dlscussim of the function of SMES md
fdantlflc~t!om Of Its major systems is followed by a det~i lad
discussion of ~~~rocontrol ml data uqulslttm systm. The
distributed md data ecqutsltfon #rchlt#tur@.
fnterproc~asw tlatng ●d c-n4c*t lom, task scheti I ●r,

mmter-slavo relatlonshlp, and mem/muhlne intwface arc sca of
tlm topics d fscussed.

1. lNm”iION

The S@ercondwt ing Magnet Ic Enerqy Storage

(~[s) sY$taS will fo~tfcm dS # !C.IS1OSS

staollfler for tM .x dluctrlcal p- Intert.le

betwa.!n tiw Pec l~ic Northwest M %wthern

Call fomla. Potentially hazwdout, lcu-

frequc,,cy pww osclll!tion$ occurrlnq on thl$

Intwt Id ~111 be d~enqd hy e~chmglng wwrgy,

in ttm propw ph$$e, between ths Intertlo and

theswerconducclng maqnet.

An automtlc control NIIJ data ecqulsltlon syttm

(C/@U) It required for SMEf tc provide

●fficlont, rellabtn, unattemkml Operqtltm uf tlm

system and to PW lds datd for ev.41uat Inq tystm

pwfonsanca In rnal-t!ma and Of f-llnP till

2, Ws sYsTf4

Fumtlonatlyo $MtS may he w~M~Jd :nk thwa

major Mdlsyltms, (1) tnerw trmifer md

Mor4w, (?) trYn9m~cs, md (1) contrnl ad

datt acqultltlon. Mmvor, fw lb purpnw of

Idwlrlfy!wl unltf nf hirdudr. ArPJ tlwlr

lnterf~w!, 1? $Wsyitwab m ldentlfl+i The

fumtllm of o~ch of rwtn wIII bo Wcrlhmd

briefly.

2.1 FHERGv-RELATEU SUBSYSTEMS

TM ac-dc converter and wperconduct Ing CO I 1 sra

the tw subsystam that provide trmsfer dfJd

%tnraq@. F@apectlvely, of enw qy. The l?-wn

cowwtw accepts 11.8-kV ac volttqe from the

Intertle and transforms it to a dc voltage

ranging fram O to 251M V, uhfch Is IPPIIM to the

Cofl, Tha rol 1 storos the msorgy removeu from

the lntert la In Its ma~Iwt Ic fteld and may

conduct IIp to W A. The magnet fc unerqy may b~

raturnad Lo tha lntert Ie by oporat Inq tha

cfmvwhsr In th roqanwal lv~ wale,

2.2 CflYMEN IC-RELATELJ SYSTEMS

Tho cryqanlc function of WES Is satlsf!od by

the dawr, r~fr Igeratw, 9n~ recnvory, 1 Iquid

nitrogen, and hmt rtject Ion suhsystms. Tha

cry~lc wbsystems malntaln the extr~l~ cold

●nv!mnwnt wqulr-d to cauw tfm COII to b#cwd

wparcondwt Ing. Tht deuar contalnl t~e I IqUld
hellum In WI SICII tha COII Ii wbwrgml and Is

dwlqn~n to reduce ths h@dt trMlfwred to tho

Coil 1 rom the wtllde env 1rnmnant. The

rjfr!gw~tor replonl~h~s tha I lqulil hel Ium Io\t

In tha 4@war dua to ho,!l qalr frmn lIw coil Idads



and the environment. The gas recnvery system

removes the ga!.eous 4e 1 iwn from the dew.sr and

suppli% heliwn to the refrigerntm tiring peak

Clemmls. The he~t reject Inn system removes heat

from the various compressors in the refr Igerator,

vacuum, and gas recovery systems.

2.3 CONTROL -? ELATED SYSTEMS

The control dmi data acqu ~!ltton fu~tions are

satlsfled by thr- comvtcrs, the Bonnev 11 le

?ower Ackninisl. ration (EPA) Interf acc

electrunlcs, an ~nlnterruptable power supply,

and an elactrunlc Drotecticm subsystem.

Autrm.mt Ic contrl!l of SME5 is rsrcw’ldwl by one of

the three computers. Ttw tm other cc+npu ters

acquire and store data from ~[: Tho EPA

interface provides for SMES Dower set-points

transmitted by microwave %mI WA’> :GIIL, :!

controi fKil!ty, This tnterface also passes

status Information to and fian EPA’s sqerv isory

control ml date KqUi5iti O0 system. Tisa

Unintssrrqatdhlo Puwd7 supply offers CleM powdr

to thacanputen wst Instrumentation awl avoids

boot -up delays encounter dur i nq pnwcr

dropouts, The elmtrnnlc prot~tlun sy$tem IS a

hardwlrtwl ltlt@rlnck ~ystt=m that Uts in parallt?l

with the cc+uputer to shut down SWS In an

emergm:~.

3, CONTROL PM I’JATA ACt)iJl SITIOfI CONFIGLRAT [@N

TM ‘MEf %y$tn raqulrefrtents that In fl,.mnc-fl tlw

C!lotrr of Cmputw%, architecture, dn.i

Inter fsce+ drP d!c.cutsIti In th 1} %ectlon.

3.1 SELECTION OF Ltl-11/?3 IXWPIJTER

Tlw ,.,wstrollpr for ‘iMFS IS a canputor for the

USUAI r=~wms of 1- CO$L, m.srket ~val Idbl Ilty,

Wtftespmdrt mmkct iu~or c, flmilt)lllty fnr

fncrms!nq Cd@Jt IIty arwt chmq I nq contrnl

MIfuontf!, Jld CCllfPdt!tl I 1 Ity Of dht~ furtn.+t with

machlnrs that analytr tl’w $y%t@m riatd, Ilowwv,

thw! Is nol a spvc If IL M of requimnfm!; ?hfit

Isfmt< IIS tfw t.holrr of tlw m LS1-11/?3

mlcrtimnDutm. fOr w-s, Ttw f~ turz thst

Cffw 1.-1 !,}# IMnmltllr Wlm”tt, m Irrllldlti thl!

fullmin,l,

(1) Th#. WA II%I!., fk m POP-II fhmfly nf

from this family would allow use of EPA

programn I ng resources, permit portability of

programs betwern systems, and ease conmmnicat Ions

between EPA programmers and Laboratory

progrmrrners.

(2) The Laboratory has considerable experience

with OEC POP-11 and LSI-11 c~uters.

(3) The size, price, and performance tradeoffs

indicated that the L51-11/23 was the best choice

between the POP-n/34 and LZ1-11/2 c~uters.

3.2 OISrRIBUTEO COMPUTER ARCHITECTURE

The distributed c~uter architecture was

selected prlmnri IY to allow the maximum posslhle

data acquisition rate using standard,

cots!t+rcial lY avai lable hardware, The high dat~

rate hdS Iwoscd by t hQ de-de converter

subsystem, which has 6 signals requirfng d s~le

rate of 2W timas a second each.

Another significant factor that influenced the

architecture wds the uncertain configuration of

tiw SMES system at the ttw of the cowputer

purchase. One configuration had the cc+sputer

more than 4CS3 feet from the other SJ4ES

subsystems. Dlstributcd cquter$ p@r’nit the

ddtd dcquisitlon ccqutets (slave%) to be closer

to the $ourcr of the darn points, Mi 1P kenplrwf

the controi cwutcr (mast@r) with its peripherals

dnd rn,wf/math in? interface at a renmtc Ioctt Ion.

],2.1 Desirable Chdractertstics

Some of th? flm!rahle characteristics Jr the

dlstrlbutml crxqsut.~rs inclurte (1) seqroqat ion uf

tds~!, (’) increased expansiun capahi I Ity. mt

( 3) redundancy.

The data acquisition rate IS Increasd hy

smypqal inq the controi tdsks frfnm thn data

acqwl$ltlon tdsks, This providrs gradu!r CPU dnd

MamOry r-sources tn tlsosn tdSk S. This ,epwatlon

of task’, diSO qiv@s #noth?r ieval of

modular lz~tion to the software, The liatc~

acqul! it ion l,lsk~ can ho w-11 tirflnswi nnd FIIIS1

~xocutw ,1$ fdst ,1s pn%$lhin. rnr thusc r?.lson~,

a prnqrdnswr Is jutt Iflwk in crsrtlnq the

d iqcr ltMI., in .Ii,;l,ti) i y ~ ln(Jfl lqt, . Thp runt, ro1

and, Lhvr, fore, morm primp to chanyo.,, may bc



written in a hl~h-level language for execution

in the master ccmputer.

The multiple ccm~ters of the distributed system

offer more real estate for eupnnsicm without the

concerns of bus loading or bus length.

Tk multiple com~tet- allw various foims of

redUndd;lcy. The same system fu~tion may be

sarvd by more th~ one cmnpte~. Each of the

ccsnwters may mcmitor some of thpKtivitle< of

the other ccdn~ters.

3.2. ? Undesirable Characteristics

Three undesirable chdrwter istics that

Iasnediately C- to mind am ccmsnunications,

debugging, and task s.eparat Ion. Hhen there Is

more thm one cmn~ter in a system, there !s a

need for tham to comwunlcate, Th 1$

conmsmication link may be made as sla and

cmsplicatni as one can tolerate.

The slave cmputers rb not have the peripherals

nm thedebugging aids that are available to the

master. This makes f im Iflg~hahardware and

software more difficult unless one is willing to

develop ttw necessary tmls.

Task separatism is a double-t?dqti sword. It

offers the tsdvantdqes rke%crihmi ,!bove, but It

alSO may be troublrso!w If the task breakdown

ad location are not dorw correctly,

3.3 INTERFACES

The WES \ystPm has a wtti vartety of lnterfdcp~.

●ach of wh Ich ,wst be transf mmd to $,andarn

logic IevPls, These l~tprfmc~s ire suasndrlt~ I

in th~ system block dlaqram in Flq. 1.

3.3.1 Blnarv I-O

There $re a~rcx Imatoly 136 bl n,lry Input% and 75

binary outputs that ttw C/DAS must hmtlc.

Thesp SIgndls ranqe from ??0 Var on th?

ref-!gcrdtor to dry contact clnsurot nn the

K-fk converter, Duc to thr large ntinr of

sfgn!l~, ?* range of signal Ievpls, Jnd qrfsund

100P~ bet.w~m $Wsystem%, ~ tm[r]l intcrfficm

point w*$ dn%lqnwi, It con.,ltl,s of i 6 4 6 t I

frw!t Jumt ion boa In whlrh npt Ical rnlh;l~r,. fir?

used to I ntprf ,ac~ thk! stcsnhlt with t hm

being routed to the computer.

3.3.2 Analoq I-O

There are approximately 78 analog fnputs dnd 7

analog outputs. These signals range from

mill Ivolt thermocouple levels to ~lt).v ac.dc

converter levels. To reduce the noise levels on

these Slgndls, the .-ollcwing precautions halve

been taken.

(1) Clean pmer hes been routed to each subsystcm

through UI trd.hiqh Isolat Ion transformers from

the uwinterrufstahlc power source.

(2) All signals are conddcted on twisted,

bhielded wired pairs.

(J) Care has been e!mcised with ground points to

●l iminate ground Iocps.

(4) All $Ignals are pdsscd through analog filters

in front of the 4-0 converters.

(5) Differenti,sl P-D converters are used on all

channe 15.

4, DISTRIBUTED CLW’UTER CHPJW7ERISTICS

Some of the functions C/DA3 wi I 1 menage are:

(d) rwmind to pwer demands transmitted by

Iwt CrOWdVe fr~ BpA,

(h) perform re~l-t ime performance< monitcr ing dnrl

control of th- v..sr Inus suhsystpms nf the SMES,

(C) r~spond !0 tfxd I operator requt=sts for

CO!StrOl And riispldvs, dnd

(d) provide I Imitml .drchlv,,l data stor.dqe.

4.1 SUPERVl “W COMPllTER

f)ne of the threr c~llt?r$, &s Iqndtpd I hp

Supervisor (SUPR) ,,r master c~utcr wi 1 I

funcllon 1s fhp cpn!r,sl cnnsnunic ations point for

the c/oAs, ‘he ‘WPR i ‘; ~llippf?d with d k@ Vbodrfi

CqT, dual floLIpy disi, serial Iirw prlntcr,

gen~r.i I purpnsc t Imprt, arr~ RSi!37 cmsmtn ICJ!, ions

Intcrfdco$m Th~ rwsuurc,:s of tha WPtS we

Wwaarlzed In ri~. ?, lhe nrC RT-11 operdtlny

Iystom Is us!vl ds I.ha haw %o!LwaIIc %ystt?m in the

WfS, and mo,,l. of thf WPR !o~twhr~ 1; (bring)

writtnn {n FWi TRflN,

4,,? WhVE COMPUT~D’;

The otlw two cf~~t{!r+, dt?slqnat~d ,1~ ~,ldvms,

hdvd no Prr ilshordl qutpwnt iJ1.lww’ thdrl Illnary

#nd an~luq I/0 drvlcl,< dmt twn US;];’

mMWItc#Llon,. Inlnrf,!r. !!’i macho ,at thm,n In Flq,



... . ..

3. T!w .jl,wP m~ch im?s ,art? ,Iesiqnat?rl Ir the

EDAS, ~ssign~ to data acquisit~on aml control

of the Jc-dc converter, coil, and BPP subsystem

of SMES d the CDAS, aisigncd to the remaining

subsystems.

Ths s 1 ave software has been design~

Implemented 0s a standalom zystem wri

entirely in MACRO Jssembly langu~gc.

primary objective of this a~rndch was

eliminate operatinq-systm overhead ad

maximize the data acquisition rstc of the s

and

ten

The

to

to

dve

math i ncs. The software for the two slaves Is

almost Identical, ad only ome desiqn excrc ise

was ~uired.

TIE softwnre for the tw slaves W171 differ c+sly

b the nxtent of sp=ific control algorithms

allocated to the slaves. Our current approach

is to centralize all control algorittwn

calculations In th SUPR cmnmter. Discrete

analoq r binary outmts .Is rewired will be

executrd by the slaves wcm sp=lflc dlr-tivn

Cmalli$ generated by tha SUPR control

algcrltlrnt.

4.3 SYSTEM TIMING

Thm SUPR dnd s I w rnachlnw conww!lcato via

RS?3? st?rlnl Ilns!s upcr.+tsd .st 38. fl-k baud rat~.

One of I.Iw pts{r! of RS?37 llnes o~twrm theSIJPR

aml I 51avr !s IIM for mr,saq(! tr~ffic (dat~.

CMSMIMS, Inqtilrlrs); tho other I!nt? !s Ilscd frm

t imlng control hetwo[!n the 51JPR M %I avn%. The

base !Imlng for the thrm-m~chlno ~ystem IS

derlvwl fro-n ,1 flmn?r,! 1 plrpow t Imr

(proqrwnmshl~ clock) Instslld M the SUPR.

Thli tlmm. !! oueratml .It ,! l-kHz Intarrl@t

ratm, Thev! t!mlnq .OIII<C> arp rrl.zypil to the

31 ake math Int!s by m~anr of thP t Imlnq contrvl

Ifne, Tfw sl ava mnch Inc% usc the pi ISP5 tn

malntaln nn Inturnal So ft!vlsw Clock. The

Curr-nt c lnck tia l’i~ t In ,Inlts of mllll; Iworsr17

%In{:p nlftnlq!$) It u~ml to tlmr. ~tamp tll datl

dfw! I! VPnt7 SPII%171 hy tfii ‘, i ,lUI?$. Ttw 5UPR ran

rn~,,t thm currnnt clrIcL {.!1 II! In tlw two $Iwe

mo:h I rm., ,1 lmll.,~ -1 innll t,lnmlll-, I y +111.11 that

t !rw-”. l,lqln,l If ,,~,,n f,, ~r da”.] #\l, hln ~ho Ihr,.r -

m.s~h: nm %y;tm 1$ ~ynrhrorl I ?wI wfthln nn~

~llliSKonrl.

4.4 00t4NLt NE LOAOING OF SLAVES

As indicated earlier, the slave machines have no

peripheral equipment for local loading of their

system and Jppl ications software, The slave soft-

ware is downl Ine loaded from *he SUP? using the

serlll 1 Ine normal lY used for message traffic

between math Ines. This downl Ine load procedure

uses the microcode 00T (Octal Oebugg!ng

Technique) fdclllty available in the LSI-11/23.

00T, opvratinq In the slave, ii used to first

downl Ine load an “LOA- loader to the nlave. This

loader, in turn, accepts and loads the s ‘ave

operational programs transmitted by the 5UPR

c~uter.

4,5 DATA MESSAGE STRUCTURE

The data canmmications protocol between machines,

in operational rode, consists of variable Isngth

7-bit ASCII strings. The first two characters of

a mess,sge ,are an alphabet ic prefix that

ldentlf ies to the receiving machlna the val id{ty

and disposition of a message. The trai 1 in.q

character of a standard mns$aqw Is a co~fnntlon

mpssaqp-nnd ond checksum byt~ #hose hiqh ordw

blt Is ~ct, The 7 least sign fflcdnt. hits of this

byte rcprosrnt J modulo 128 win of the MCI I

wss~qe rtrlng that precedes it. Four ~f these

m@s%ay!!-cnd hyt,!s are rowrverl for mpssilgf!

‘ack/n#k” vcr If !cat lfw :,ntwswn math ines.

5. SOFTMARE CONF IGUPATION

A ha%lt .spproach in thp dcsllJn nf th@ m:ltlmchl n!!

snf tw,lrr wa% to makr! ‘he ,; I.lvv math Inc$ ,~pp,iw fls

f?xtms inns of thr $upnrv :<or math Inc. The ,Iatn

acqutl Ir l~fl and tOntrnl fufl. t Ion% pcrform@d hy the

slfivps rnllld hp tl lnc~ted In [hp SUPR If Limr msd

m~ry \Palv WPrr Jvailahlo. These t~sk$ we

allncatorl In thn \lav@%, hut prlmnry control

stll I rosldp$ in th- SIIPR. The SUPR can, hy

dlrm.tiv~ ncssatspt, \tart, ttop, fir altw thr

data ~cqwlftt ion activitlo~ nf th~ $Iavef.

Cnopor #al I Vr software In the lwo-syst,~l

mv i ronmtmt wmh lcs an npor,stor’, hy mpan$ of

kl!ytward input. to intmrroqatc ,wsd/or control

mop,1. If *hn funct Itln? opl!rat ln~J Indrp!mdont I y In

t hc IIavc mnchlnr%. Thf\ nr~an iz,lt, Inn Is



illustrated in Fig. I?.

The key system fumt Ions comnon to the SUPR ~nd

slave math i nes are: task scheduler,

intermachine message str~ture al,d handling, and

cmmnand decallng and execution.

5.1 TASK SCHEDULERS

The control 1 Ing sof tww alement In s1l three

machines is a table-driven task scheduler. This

schechler is th system “Idle loop” for the

three math ines. Host appl Ications soflwam

cutponents are organized into tasks that execute

under control of the schetiler. Tasks are

calld for execution on a round-robin basis such

that all tasks are of equal priority, A task,

once ca I led, general Iy executes to canpletlon.

Tasks can be c@eratA in either demand. timed,

or idle mude. lb task can be switched betweew

modes lf required by the task ltzelf, by sone

other task, or by sysk fum. tion. Timed tasks

In the SUPR can be operated at a 1-s resolution

rate, Th slave schetiler provides for 1+4 dlSd

1-s timad re~lution rate. The system Ovorhedd

incurred by th Is sche, h,ler procedure Is dbout .2%

of the machine execution capeclty. A standmcl

timed task Included In sI1 three machines

reports out t.ti aver.lq~ t ink? @xrcnded in

●xecuting all tasks *fined for that mdchine.

This feature provides gocd vlstblllty of the

ccsnputatlon load on the machtnes land can be us~d

to measure the cxecutlon time of a task nwl~”

added to a syst~m,

S.7 iNTERMAC!llNE MESWGE MANIJIING

A COWWIOfl messaqe strlKtllm Is Uswt to

conmun Icatr data, cwanatis. w Infotmlt InnJl

mes$aocs betwmn machines. Tlm sygtmn mcssaqr

handler packt~ rxrovlrks a slmplc Interf,lcc tn

rsar proyrams In ?ithw type of Inach inn. Th@

n,essage harxilw AC epts Preformnttcd ASCII

me~sdges nr, fw the sl.svef, a format I!st

tiscrlhing tho meszmao structure,

Af tm acceptjncc 08 .1 mr;~ ,lq,!, tb II hnrxllmr

takw wor ttm dqta!ls reqdlrti to rj,l,lrnntw ttw

intqrlty nf mcs’i,lq? dellvwy frmn m.zchlno tn

machlnr!, Messaqrs tare d!r~ W( from mh~h!tu! tn

math ! WI! hut nnt dir=t.ly to $pmlflc tn~k$

within a target MdChfnC. A message or cmrnand

decoder i n either type math i ne receives

transmis$ian-verlf led messages from the message

handler. This decoder compdrss the message

prefix with a list of cmmnands legal for the

target math ine to execute. Having verified a

ressage prefix, the decoder cal Is up J specific

routine dissociated with the praflx; this routine

c~lctes any dction or request iwpllcd by th~

message :jpe. NessagPs are of variable lengt$,

and any characters fol lowing the prefix may be

interpreted by the comnand cwletion routine as

data or consnand arguments. These data or

arguments are decoded frmn ASCII to b I nary and

stored In memory area cmmnon to, and access Ible

by, all tasks, or stored in queues used only by

specific tasks.

b. DATA UASE STRUCTURE

6.1 SUPR DATA BASE

The SUPR machine maintains a local run-t Ime data

bese that contains a copy of the latest available

deta ‘nr al 1 Input sources sanpled by both slave

machi~s. This local data base is that used by

the SUPR in Sf41X performance cvaluat I on’,, cofltrol

alqorlthm calculations and IS the source for

archival data st.oraae to disk.

The run-t lme data hasp in th@ SUPR contains Input

data variable attrlbuttx such .1s variable ndme,

physical Chdnnl? I mxlmer, units daslgnatlon,

and(for mnaloq chann~ls) Cal ibratlon datd and low/

high alarm llmlts, These attributes data ar~

pr~defined In an ASCII text file resident on the

SUPR system disk and are loaded Into thu run-t Imd

data h,lsc upon ficdd-stdrt of Lhc ‘lUPR prr~ram,

Facllltles trc .w~ilabl~ to L’he SUPR opurator to

dynamical ly changr andlor inspect analt=q

attributes datd In the dat~ has? subsequent to

th~ Inill#l loading.

6.7 DATA BASE UPDATE

Dat# acqwirpd by the slaves Is reportcri to the

ZUPR on .In PXCCIII i,,, ) !~.IcI,;, HII,SC I! Acept lonf or

changp !iata, fir@ dlrectmll tn Lhr lnc~l datrn b,!w.

All hlnnry fnput status chan,l!, $ art! reporl?d,

Analnq Input !:hnnq~!$ iarc r~p,. tt!d only whm tho

current AnC rflw count fnt’ -t givrn i!nalnq channel



differ$ by ~ii COIIII:S from the ~.lst report :~i

that channel. Different values of threshold

level N can be assigned lmkividu~lly ta analog

channe 1s.

The SUPR can, M demand, request the slaves to

tresmrit the latest reading of all inp.it sources

ssmpled w+ether there has been any change or not.

6.3 SLI~ CONTROL OF OATA ACQU I SIT ION

The Chdr.?tteristics (device asslgmnent, rate, and

channel smuence) of the input data sampling

fuwtions psrformd by the slaves IS under

control of the SUPR software. These sampling

attrlbutas are also derived fran an ASCII text

file and are relayed ta the slaves as part of

the dead-start procedure. These attributes can

also be chenge4 dynamically by operatur consnand

inpwt or as WI ~tput frm control algcrithn

calculations.

7. SLAK SPECIFIC SOFTHARE

The primiple role of the slaves Is high-rate

data ecqulsitlon. All data sampled by the

slaves Is stored in a slave-local data base.

Under ths current executive tasklo~dlng, a daLd

rdte of Ipproxlmately 50U3 ,;a~les nw second

may be +ustdlned, iml,ldlng the update of the

local data bd~e. Tlm slave \ampllng Attri!wstes

arv defined by ccmnand transmission from the

SUPR, The s iaves continuously sample inpul
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sources In cm~l imce *ltll tile ~ttrilsuil!~ ,oas:

recently defined. To support SMES system failure

analysis, the slaves maintain a history of all

data sa~led in the most recent N seconds. Al I

memry rsvailable and otherwise unused by J slave

program code is defined and used as a first-in,

first-out (FIFO) ring buffer. Oata, as sanplerl,

is time-tagged to one ml 1 I i second resolution and

stored in the FIFO.

Updating of the FIFO may be suspended,

Insnediately or wit? a delay, cn ccmnand from the

SdPR when itdetects a SMES system fai lure.

8. PROJECT STATUS

The SMES projnct is currently entering the Phase
in w%ich dll the participants begin to account

for their ideas. That is, nuch of the hardware

and software has been asstiled and imst be made

to work together. The c~lete C/DAS is in place

on site, the tnterface wiring !s installed, and

both the ac-dc converter and heat rejection

systems have bw checked in the menual node.

Wt of the slave software and some of the master

software h.+s been checked. The control sequence

for he ,tc-dc convertnr has been des Iqned and

ended and check-out has been Initldtnd.

At this point, w major problems have arisen and

we we very optimist !C that our approach wi 1 I be

succes~ful.
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